




NASA’s Vis 
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To improve life, 

To extend life to there 
To find life beyond. 


NASA’s Mission 

To understand and protect our home planet 
To explore the Universe and search for life 
To inspire the next generation of explorers 
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Solid Rocket Boosters (SRB’)s 

-each generates - 3.3| million ibsj of ttirw4t 
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Solid Rocket Boosters (SRB’)s 

-eachgenerates ~ 3.3 million lbs of thrust. 
-149feet long and12 feet indiamteter 
-primary steering control for initial 1 12Q seco 
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The External Tank is manufactured at NASA’s Michoud Assembly Facility 
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Components of the Launch Stack 


Solid Rocket Boosters (SRB’)s 

-each generates ~ 3.3 million Ibsof thrust 

-14$ feet long and 12 feet i loi ‘ 
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Hydrogen Tank: : 
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(238,000 pdundS) 






Orbiter 

• i ' > • j ; : 

-122 feet long and 57 feet high 


-The main engines burn 750 and 280 gallons 
per second of Hydrogen and Oxygen 
respectively 
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Launch of Space Shuttle 
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Damage Assessment 














Reinforced Carbon-Carbon (RCC) Panels Protect 
the Leading Edges of the Orbiter 
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22 panels per wing 
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RCC Panels 6, 8 & 9 of Specific Interest; 
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16 inch barrels 




Built for Foam Tests 


- BX250 ET foam specimens 
shot at angles of 10,15, 23, and 90 degrees 
on load cells to evaluate foam behavior at 1 
psi and atmospheric pressures 

• Analysis foam model developed from 
these tests 















Sabot Stopped before exiting barrel to contain gun pressure 
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Dyna - explicit finite! eterwent impact analysis 
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Dyna is an industry 
standard commercial finite 
Element analylts code 
typically used te> model 
iiftjbact events 
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Dyna - explicit finite element impact analysis 






VG89, 23 Deg, 693 fps 
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\ / pyna pred ictions agree with 
load cell measurements 
taken durjnd impact tests 
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Ballistic Impact Tests on RCC Coupons 


RCC 3. (7/2), GFM 3.. VEU400F/S 

Tima » o 

Contours of Maximum Prtn Stress 
max tpt. value 

mm'-S./eaSGe-ia, at oiems 2338 
max«2.96Q41a - 06, at etemr 6634 
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RCC 3. (7/2), GFM 3.. VEL=700F/S 

Time * o | 

tUntwirs of Maximum Priti Stress 
max Ipt. value 

mtti--3.78356e -14. at etem* 933 
max»5.0?982e-06, at etem# 5694 
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Current RCC Model Predicts these 
tests well 
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fringe levels 
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Ballistic Research 

Dyna - explicit finite element impact analysis 
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Panel 6 Edge Impact Case 



Dyfia - explicit finite element impact analysis 


BCC 1*1 GFM 3.i VELs 

Tmw « OJ0OO54992 
Contours of Effective Plastic 8Mb 
inner shea surface 
mm*0.834737, at stem* nm 
max»l , at elorn# i 
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Panei 6 Edge Impact Case RCC Damage 




Orbiter Leading Edge Full Scale Tests 

Tests conducted at Southwest Research Institute 
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Orbiter Leading Edge Full Scale Tests 


installation of internal high speed cameras 

















Resultant displacement (In.) “ 

From photogrammetry 
(not-to-scale, see white square on right) 


nnge Levels 




„ j j r I. • i I • 

RCC Model Development: Corner Impact Scenario 
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t = 0.23 in. 
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RCC 

Impactor 

Density, lb s 2 / in. 4 

j 1.47x10-3 

3x10 6 

Weight, lb. 

22.36 

1.67 

Nominal length, in. 

0.3 

0.4 

Elements 

19,073 shells 

23,142 solids 
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Foam Impact Testing 
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Orbiter Leading Edge Full Scale Tests 





Dyna - explicit finite element impact analysis 
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Correlate with Panel 9 



Anlatysis Sepfterting PUII Selale Tests 

Dyna - elicit flflite figment irropiafct analysis 
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PANEL 8-9, 9-25-03 

Time » 0 

Contours or Max principal Strain- Infinitesimal 
mm- 1 ,/2273o -OS, at node# 103035 
max 41. 1)015010?, at norm* 142 103 
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Latest Etytia PfMmtions G«rt%late mfch FWiel 9 Test 









Panel 8, post-test 


LS-Dyna model at 6 ms 
(showing damage progressing) 


SwRI Panel 8 Test 






Panel 8, post-test 


LS-Dyna model at 4 ms 
(numbered elements correspond 
to locations of strain gages 1-5) 
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Motivation 
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Address failure 
scenarios 
involving wing 
leading edge and 
acreage thermal 
protection 
system (TPS) tile 
damage 
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STS- 107 


www. nasa 

www.nasa.gov/columbia 













Smooth seas ho not 
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